Searching PAJ 



1/2 V 



PATENT ABSTRACTS OF JAPAN 



(11 publication number : 09-321307 
(43)Date of publication of application : 12.12.1997 



(51)Int.CI. 




H01L 29/786 
H01L 21/265 
H01L 27/12 
H01L 29/78 
H01L 29/778 
H01L 21/338 
H01L 29/812 




(21 Application number 


08-135037 


(71)Applicant 


: TOSHIBA CORP 


(22)Date of filing : 


29.05.1996 


(72)lnventor : 


USUDA KOJI 
IMAI KIYOSHI 
SUGIYAMA NAOHARU 
TEZUKA TSUTOMU 
HIRAOKA YOSHIKO 
KUROBE ATSUSHI 



(54) SEMICONDUCTOR DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a MOSFET 
having a structure enabling the forming of a strained Si- 
layer having high quality and satisfactory stain, without 
losing the effect of the SOI structure. 
SOLUTION: A buried insulation layer 3 is inserted into a 
strain applied SiGe semiconductor layer 2 to form an 
upper and lower SiGe layers. A strained Si layer 4 is 
formed as a channel layer on the upper SiGe layer 2 
which is made thin by the insulation layer 3. Before 
forming the Si layer 4, the SiGe layer 2 is heat treated 
to reduce defects such as dislocation produced in this 
layer 2 at forming of both layers 2 and 3. 




LEGAL STATUS 

[Date of request for examination] 29.08.2001 

[Date of sending the examiner s decision of 
rejection] 

[Kind of final disposal of application other than 
the examiners decision of rejection or 
application converted registration] , 

[Date of final disposal for application] 



http://www19.ipdljpo.gojp/PA1/result/detail/main/wAAAsFaayxDA409321307P1... 2003/11/19 



Searching PAJ 



2/2 s<— v 



[Patent number] 33762 1 1 

[Date of registration] 29.1 1 .2002 

[Number of appeal against examiner s decision 
of rejection] 

[Date of requesting appeal against examiners 
decision of rejection] 

[Date of extinction of right] 

Copyright (C); 1998,2003 Japan Patent Office 



http://www1 9.ipdl jpo.go jp/PA1 /result/detail/main/wAAAsFaayxDA409321 307P1 ... 2003/1 1 /1 9 



(19)B#HftffF/T (JP) (12) ^ 1 ^ ft ^ ^ (A) 



(ll)»ITtHH^W»# 

^3^9-321307 

(43)&WB ¥«9#(1997)12H1ZH 



(51) IntQ. 6 
H0 1L 29/786 
21/265 
27/12 
29/78 
29/778 



F I 

HO 1L 29/78 
27/12 
21/265 

29/78 



6 1 8E 
E 
A 
J 

3 0 1H 



SSfcfcSCD&3 OL (± 7 S) »»S«rjH< 



(21)tfW8# 


ftSPF8- 135037 


(71) (USA 


000003078 










(22)m»B 


JpJ«8^(1996) 5 ^293 




#^;n»;ii«mr^Kajii»i72#tt 






(72)3i6M# 
























(72)&gH# 


UK 






















(72)H9» 










»^;iij!yri«TO#K/i^3f[^iiri««fi w 














(74)«SA 


nm± mt st£ (^6«) 











(54) B6W<D*»] ¥##gfg 



(57) imm 

mm] SO I«»{cJ:6a!l**:5fefc-f^ BfpfT-l- 
OSFETlriitS^t'o 

UOS iGei2^ ±.m<OS i G e M 2 ±\zMf&£ 
«)ji^*6«W3W:±«OS i GeJg2(DjKJ?^»</^6 
i G e M 2 *5 J:t^ffl*a^|ftj»JB 3 (DJ&Otmz. SiOe 




1 

[4#!fSI#^«iffl] 
[ 0 0 O 1 1 

[z&wnm-rz&ffiftm *&wn, mosfet^h 

[0 0 0 2] 

^m*atEiK (lsi) ^#ffl$ttirrv5r two*; 
m»±»<omn^ l s i m^<D^mt±^ <*£tm^ 

[0 0 0 3] LSI W*WffitEftii, #J;itf. S i 
V^Tte, ift5£^o{g;m»m^^#eS[^i-6MOSFET 

[0 0 0 4] Lt^U 

[0 0 0 5] A^fl v^y ^vStRJblc^y 
Bt^3«©*#ft*WA»&46ayWi. «^.tf. G 
e«ffi2 0%<DS i GeW 0£AT> W^S i G e Ji 

m^t. mm^^^m^m\^tJ^o>m\. 76 

*lTl^<5 (J.Welser, J. L. Hoyt, S. Takagi, and J. F. Gibb 
ons, I EDM 94-373 ) 0 



(2) ^ip 9 _3 2 1 3 0 7 

2 

[0 0 0 6] Wtf-&Sh)£<Dfa±(Dti£>\Z^ MOS 

[0007] SOI (Silicon On Insulator) 

S«iCMO S F E T Srffra-f* r. £ ^ttWSixTt ^ 0 
SOlSfi^Jft^um KS'&frlirSft^Jft 
o^^^^tit^6^\ SOI^^^bS^r 

10 $Z>Jjfebl,X, v-y =»>S«^itKl>r^-^4:ttAUfc 

(Separation by Implanted Oxygen) ^Pffrfft-S^&a 5 
[0 0 0 8] ms\^ SOlSfil^MUcMOSFE 

T(Dmmmm^i- 0 a*, sn^y^yss, 52 

OIlfi^MLXV^o 
[0009] '>y=»yi5 3 _L(Cfi S i G e A£J| (J£* 
20 MlZ. S i Gei^^l 5 4*»*Sh, :(7)S i 

Gei5 4±IIflI^>y3yB5 5*S*fiKSixTV^ 
£0 Ctt^v-y =»yf5 3. S i Ge§5 

*s y >s 5 5 5 2 s*^«aft«R 

[0010] mfrfv 5 -hifcfciR5 

7, y-hHi5 8«M$tlTl^ 0 £fc, 

^'>y=iyl5 5feJ:t;S iGel5 4lC|i, nfy- 

30 lS$ntV^ 0 

[00 11] ^LX, ^Mi-fiy- hli5 8Sr*5«t 

5 i-s mmmm e 1 § ^ cwi nibiHK e 1 
[0012] ±&i,it£5tj:7-**;\'¥m»m\zmfris 

FETSrHS-ethtf, 0. l/im^-;^T0Wft 

[00 13] Lft»L&£St>* 5^MOS FETW 

tt5S^y3yl5 5*#5lctt, f^SiGeg 

(J£*T> m^S i Ge/^y77ia^) 
Sr^fiK ^£tf)_t|C?SG e ©SCO S iGef54 
tS^J,^ '>y 3y§5 3Jd^LT«-^- 

3t»dS%^-^-eS*6ffS 1 0 OnmggOS i G e 

50 [0 0 14] L^L. T»^y3Vi5 3t^)»^ 



3 

jr8MEtea**£U CH^WS iGe!5 4rt(C§| 
£3&^*U ^t::tlf)WSiGei5 4J:l:K 

[0 0 1 5] m^S i Ge^iy^r^^^^^Pp^ 

[0 0 16] Lfc^oX, +^^^^^r^-T5^^y 
=iyi5 5^#5i:i^ S iGei5 4^>y3>i5 
3a>e>3tt£3^**P#U5:, o£ ?K SiGei54 

s-fr-ca*-:/ y=»yi55 zmtiL-rz z t asH*ti* Q 

[0017] ^n^Hm-rSfc^td^ SiGe/^s/7 

^Ge«a^iS<^S@V>«#4j!a^S i GeBtM 
L, £.C0«jftJ&/8S i GeJfiilClS iGei54, 31^ 

[0018] COffl S i G e ITU, Jtilfii 

6 0 £fc, SiGei5 4^Mt»4«SiGe 

tlfcS i G eJl5 4fimbtl. Z X 9 < + 

[0019] #i8£&*0>{£«/ji ifOSOI S&t<£> 

»*&4§*fc«>K:tt:. SOlSK<?)SOli(Di¥^ ($/ 

y^yi5 3ogni: s i Gems 4<Dmmtm^>v 

[0 0 2 0] LfcflSoT. Jb^bfcJ: 5*flCV^S i Ge 
/<y7rl (ffl^MSiGei) SrJgfifcLfcat^ 31 

[0 0 2 1] $£1^ iifcLfcffl^S iGe/^77l 

(flw«*s iGei) twaM-aw*, tiAousktitm 

[0022] 

*»»Sl:i^'>y3^aSrfflv\ S«UiSOi*K«: 
ffll^cMOS FET£ligi~e#;txJ;f. 0. 1 mA'— /V- 



(3) #91*9-3 2 1 3 0 7 

4 

[0023] teffiasfc < +»fts**r#-r 6a*-> y = 

^Ji^Jgfifcfrtei: LX, S iGe/<777l^ tt(Dj|: 
lM®***B/f£S i GeJI-hldS i GeJiSr»J*U -^S 

[0 0 2 4] b^U J?lM!&ftffl/iJcS i Gel^Mt 

10 [0 0 2 5] ±IE*«S:**LT4*^c>b 
OT\ -t^BWir-rsfcC^^ SO l«5giJ:«tsa* 

[0 0 2 6] 

#£lB I*. ^-r^^SRiBSnS^-Y^ 

ISA t SM»;t*0 ^ c £ £r#® ^-TSo 
[0 0 2 7] *»WtwffiSfa^^#fls36» (If* 

■*2) "tt. ±B*»*»« (flMWli) jrjav^T. Mia 
^'>y=iy^wr.f)i,i^ai^#i^t5o 

[0 0 2 8] JilEJKaSttS IMOXttllJ; 

(IB** 3) tt. ±1B¥«MM8B 
30 fc*5V^T, *HB^ir-*/^*»#Jl35S, MOSFET^ 

[0 0 2 9] [flUB] *^P>1^D#co«it^J:n^> ffl 

[0 0 3 0] *1\ 8lS"CMt5fY* 

S i G e I^f^X'fctllfG e SS^il< ftt(«V \ 

40 [0031] Tk\^^m\\*m&m ft *w*j&-r 
[0032] z<nt*, mmm. ±nm*mn*mfcm 

6ffiH<oagSS:a-S: o -rfcfr^ SO I«jglcj;-5a* 
50 Sr^S-e#5Sffio»v^±«BS^BiiD«jft5#e>ix6J:5 



5 

[0033] s^ic:, ±mT~-/umm\z£v > m&w 
[0034] *mtd, m&ntem^m&mn^m&m 

&mmnm^<DX\ so immtmm^^n^^ti 
5 0 u/c^ot, so immtm*?(n%)%:%£:t>i*\^ 

[0 0 3 5] 

XWLWi-&o *3g^£rS i IMO S F E T (dig 

^-fo -<Z>«"Ctt^*HMjD*#«:Jii: US i Gel?: 

m^^x^^o 

[0 0 3 6] ft&mxn. £i\ ^yaysttiis^ 

5. S I MOXftlnJ; ») SO I SStSfiJtS, 
[0 0 3 7] ftlwS iGeA>77iatSO I £fi 

fabMthZ \Z'&oXffe£h*P<DG e [Cjg < fc£ 

ffi£4i&£S iGei^SOI StEJilJlJBfiR-rSo ifcl-S 
i Ge/^i/77l±^S i GeSrfifcS$*TBIfaWGe 

Sffi£#-f5S iGeMMtSo 
[0 0 3 81 MII, SiGef±l^>yny^f$ 

+ t t5MO S F E T Sr»*t 5, £ 

tiCMi, *»w-ewt. *i\ ->y a^atK-Lfcis i g 

e Jttl^M^Ii: IX^)S i G el^r 

Mt6o ~ SiGef^GeMfl tig 

[0 0 3 9] #C^S i Ge *>&&ALfc: 
C^>S i GegldT^-zPASfS^JS-rC^t-Jz^. 
S i Ge»rt^ffi«)j&*JftHJBSr»*i-So 

s i Gemnm&&frtmmiz£*)±T-<>\zftm£ti 

Z>o JUT, #^£ftfc_b#jGQS i G ejf £_bg|5S i G e 

TW<ns i Geg^rTSPS iGefi^5o 
[0 0 4 0] _Lg|SS i Gel«l?^» 



(4) 4$HI^ 9-321307 

6 

[00 4 1] SiGeflrl^t^aAL 

T\ SiGe^5/77i^MU<Tt), igp D pW&± 
10 SFRS i Gel, Tfc'JS i GeJf 0S#k*t5o 

[0 0 4 2] Uc^oT, «*J:t) fc^*V^XS» (1 
xa^SI) T\ SO l«Hti:W»o»*«:*to-rii:, iS 
AiTC*Sfcii***i-5ii*V'y =^JlS:*ril-t?*S' 
iBJp p n H-eapv>±Sl5S iGei (^*Bi*D^»f*:B) 

[0 0.4 3] Ji$I5S i Gef±|^>y a^fcfiK 

smMv^y^yiwi^ c y -a 
^m*?-\* **mftm ^smosfet 

£ 0 ft*>\ _h£[$S i GeJfJiKlfrfcftS i GelM 
20 U ^^S i GeI±ICl^>yn.yl^Mtt«i 
wOl**>y ^ylHMOSFET^MUt6l\ 
-<a«rg\ <t!9igp R p®^S iGel^#e)tl6(7)T\ § 
^tC^#tt0^tlfcMOS FET^T^SJ: 5t- 

[004 4] *Jc:**Mo*flcWftSlJ6jBllBicov^TK- 

9H-£o SJ2fi N *fP^W-IWil:#5nlMOS 

30 l £«fi-<5 0 

[0 0 4 5] &fc*>y =i>S«lJi{Ci?$ 1 Mmgto 
SiGel2^Mt6 0 S iGe!2(7)GeIS(j:, 

[0 0 4 6] ^CT% Gefl|JKS:j&»|c:i|Jn**idS6 
S i Gel2S:MtSh '>y ^>Sfil ^SiGe 
A 2 ^)^^togt > \z X 9 ± C6^WI^I: J; o 
T, S iGel2t^ii^fI^l fc-5lS;t*;*:7 
4 y bfcGL&^toXfa&ffi&'fZ>Z k\ZfrZ>(DX^ Ge 
40 fgfiS i Ge»2CD*^fft*Kifij!jn$ii\ ^®"C3fS 

[0 04 7] li?UmitN5lllt SiGe§2^f 
'<>f;*«fciE^ffi#(DG eJfi^JtSrO. 3£KtW-££ 

0. 2**#<TI1I5*&^^ SiGel2± 

cMt^Mo s f e T<D&mm<Dmmtefa±t±wmx 

*4v\ Sfc, o. 5**#<«;tai§^fckJ:. SiG 
50 TGe»J5RJtS:K^i-ixtf. *iP^©M(i «t t) S^ld 



7 

[0048] SiGe|2 <&*tt«ft/SK#&tt«T<a 
jit)*T?fcS« t*4^*>. IK#£ USiH 4 *5j:U*G e 
H 4 4rffiv\ tfJWKtSOOtfcRjlU /&SEE;/j£ 

1 0" 3 P a tri&^L-C, Jtffl*«+-ecvD«fe^J:9» 

[0 0 4 9] SiGeMSHSCH C<E>J;5fcC 
VDS^ 5 , MB E (Molecular BeamEpitaxy) ft^COm 

Tt>flV\, 

[0 0 5 0] LPE (Liquid Phase Epitaxy) 

ft^ffiffi/Sftifc^ S i Gel*)SV^7^7 
T*S i G eS^)iD}»iwJ:6Bffi^*ft"Ct S i Gejf 

[0 0 5 1] Sfc, (ME^lO" 3 
Pa) -C<7)CVDffi<0#^(c:oV^T»MUfe^, tl"T 

[0 0 5 2] Si LTteS i H 4 , S i 2 H 6 . 

S i 2 H 4 C 1 2 G eMWir LTteG e H 4 , G e 

f 4 , Ge 2 h 8 wasjfcuci^Sp" cne>s»^^ii 

[0 0 5 3] JSOH-Sr^fc^Xr^ #«£fcJ:0# 

fc, SiGei2$rMt5^ B, As, P^cD^F 

ts»js^46B 2 H 6 , ash 3 , ph 3 m&mwtm 

m^MQ®$5ft\^mK LT, S i G e M 2 d«Bf3fe<0#« 
Sl-*S<fc5l-LTfc&^U JfeS^ttSiGel2S: 
*rtbfc*ICB, As, Pf«tlCj;i9S iGe!2 
rtCiALt, S i GeJB2*SJff3t©»«fflJwft6J:5 
ICUTt>AV\ B, As, PJtfUCGa, Sb, 

Sn, A 1 , Nf^ffiV^t&t^o 

[0 0 54] K-XS 5 X 1 0 17 c m'^ftftfS 

^"V^rS i G eJl 2<D±fat>&AVtii&, 1300 

S i Gel2W:M« 0 

[0055] SiGe|2 f±ffl#&JWI&»Ji 3 td J: !9 _b 
T-Oi^ffl|$tL6o J^T, »(8l§tufcJlfflaOS i Ge 
Jf2£_hg|$S iGeg2, T«WS i GeJg2£T£i5S 

i Gei2b^„ 

[0 0 5 6] r^Xa^Fi-, ±$RS i GeB2<DfflWas 
W<*SJ;5«-, ffifc&^HftJBUl 3 S: S iGei2^ 
VHS:*^fi8"*-6 0 ±127--/VMIT*S iGe 

«2rt^teffi*(D>C»^flf«S^ BiSKfcS iGe| 



(5) 1*H S F9 - 3 2 1 3 0 7 

8 

[0 0 5 7] Lfc^oT, Wii*|j||3li:il, 31 
^^P^flcg^ LT, ffifp«-e»V^ffiS iGei2 

SLXCVDtel^:i5±SS i Gel2±|I'>yny^ 
fiKftS^TTflCS 3 0 nmOl^ll = >Ji 4 %mf&t 

£<, :oM->y =>y§4(Di^|ol^)i^ 

[0 0 5 8] ±gflS i Ge^2COGe^ffi^i^V^OT% 

[oo5 9] tsbtit^ ^mmmmxn, m^^mm 

13, ±S15S i G e!2$3J:tfI^>y =»>Jf 4K«fc 5 
SO Itftii (SiGe On Insulator «jg) #^/&$*LTl^ 
6^, ±«SiGei20BWtt»V^ JilESOI 

[0 0 6 0] Lfctfo-c, .fcjxtf* ±ias 

20 SriV^cM^ttSMOS FET^HSt^SJ: 5 I- 
[0 0 6 1] £fc, MOSFEKOlft^MOjp 
WUiiaSfcfcfcite" I^>!)'3yf4(Oij|tt2 0 nm 

[0062] h u v^gt&i^ j: t) m^mtmm 
'T-ttMmmms^x.y. niMosFET^f^a 

30 *£<t, mJC»0^5SiJ<3O^M^, #J;Ltf, piMO 
S F E T ©MMH* £ «*£ k^iSn6 Q 
[0 0 6 3] ft|dS*^y =x^g4^ffi^:SR»{bLT 

[0 0 6 4] *lc:y-MMkl«6Jilc:y-h««7 4:* 
40 ±fE#*g(8r>y a^BtSrRjtfitt-Y^^y^^ (R I 

e) fwsM^i/f^ia^^^y^u, y 

M6S:|ft*-r5, 

[0 0 6 5] m^f- hti7$rv7^|:LT, nSM 
O S F E T^ffi*!^ y W tyfOnMW^f V 
*»KWi-aAbfc«. 8 0 0 < Caa^)7^i/fiIS: 

50 [0066] m^±m\^>v =*>wn\M*tct±isv = > 



(6) 



4#H!¥9- 3 2 1 3 0 7 



10 



[0 0 6 7] St&K, A 1 ^cO^m^^riiS L 

^MtT, nlMOSFET^t6 c 

[0 0 6 8] i^±^tzi X 5 I^HJS^^Ir S 
O I «jg(-J:5a3^J:^-r^^i: Ul^->y ^ 
^^rffi^/c^^f^NFl-#^n5MO S F E T&m$L 
lift 6 G ^fttcj;^ ^^k^ii^T^^ 

[0 0 6 9] fc*3, *|gMtt±jfiU^SIll6«ffi^lS^S 

iO^#ftSt IT, S i GeifelV^^O^.Ta 
Wiy^ S i G eS<Z>ftbD Id. Si.C*SiNfO 
±?\ZLS i kt&<D7cmt-<n&&m. ZnSeg^ II- 
VlftiSfiitKttGaAs^I nP^(D Ill-VSsiSft 

s ft > \zLfe*j£m<nmte s»»a* h ft * sasx* 

[0 0 7 0] £fc, ±EjHli*IIB-Ctt. MOSFETC0 

m^zmn-rz r. t ^ nrtBftWig^^wflciR^srWi-s 

[0 0 7 1] MOSffig^tt^CMOS^B 
<i CMOS^^i?-^ HEMT (High Elector 
on Mobility Transistor) Zfi-fZ^mftgiSlZ- tiSffl 



10 



20 



-c*5o *»w^SB f *abjKuftv^ttia"e. a 

[0 0 7 2] 

«:ltWT?#SJ:5lcft6o 
[BS^ff^Rni 

[Ull] *»W£s i5RMOSFETlJiaffltfcid© 
[El 2] nSMO S F ETW 

[B3l ft*^SO iSfi^V^cnSMOSFETCO 



l 

2 
3 
4 
5 
6 
7 
8 
9 

1 0 
1 1 
1 2 



[Eli] 



SiGe ^ 




4-4 
5 



[12] 
I 10 6 7 




4-2 



\ 



(7) 1tBI¥9- 3 2 1 3 0 7 

[03] 



62 56 57 63 




(51) Int. CI. 6 

HO 1 L 21/338 
29/812 



9447 -4M 



F I 

H 0 1 L 29/78 
29/80 



3 0 1 B 
6 1 8 B 
H 



#*;n*jii«frfi*K^MSi*2:Bri»» w 



(72)»W# ft* * 

#^Ji|*Jiltt5m*K/MpJ^»ri#«& « 
#iSJll»;il«5rfit#K/hrRlK2Wri#J6 * 



Page 1 of 1 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] A semiconductor device characterized by coming to provide a channel semiconductor layer to 
which induction of the channel is carried out, a distortion impression semiconductor layer to which a 
lattice constant impresses distortion to said channel semiconductor layer unlike it of said channel 
semiconductor layer, and an insulating layer formed in this distortion impression semiconductor layer. 
[Claim 2] For a silicon layer and said distortion impression semiconductor layer, said channel 
semiconductor layer is a semiconductor device according to claim 1 characterized by being a silicon 
germanium layer. 

[Claim 3] Said channel semiconductor layer is a semiconductor device according to claim 1 
characterized by being the semiconductor layer to which induction of the channel of MOSFET is carried 
out. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the semiconductor device 
equipped with the semiconductor device which has the channel semiconductor layer to which induction 
of the channel is carried out like MOSFET or HEMT. 
[0002] 

[Description of the Prior Art] Many transistors, resistance, etc. are connected to the important portions 
of a computer or communication equipment so that an electrical circuit may be attained, and the large- 
scale integrated circuit (LSI) integrated and formed on 1 chip is used abundantly. For this reason, the 
engine performance of the whole device is connected as greatly as the engine performance of an LSI 
simple substance. 

[0003] In the improvement in the engine performance of the LSI simple substance which consists of 
improvement in the engine performance of an LSI simple substance, for example, an Si system MOS 
device etc., amelioration of MOSFET characterized by the high speed and the low power is 
indispensable. For this reason, for example, research and development aiming at improvement in 
electrical characteristics, such as electron mobility, are done energetically. 

[0004] However, the examination about the structure of a channel semiconductor layer where induction 
of the channel is carried out has just been attached to the clue. As one of the technology for raising 
electron mobility, the technology which applies distortion to a channel semiconductor layer is known. If 
distortion is applied to a channel semiconductor layer, since the band structure will change, 
consequently degeneracy will be cleared and electronic dispersion will be controlled, it becomes 
possible to raise electron mobility. 

[0005] If the mixed-crystal layer which consists of a material with a bigger lattice constant than silicon, 
for example, the SiGe mixed-crystal layer of 20% of germanium concentration, (only henceforth a SiGe 
layer) is specifically formed on a silicon substrate and the silicon layer as a channel semiconductor layer 
is formed on this SiGe layer, the silicon layer (henceforth a distortion channel layer) which distortion 
required will be formed of the difference in a lattice constant. If such a distortion channel layer is used, 
it is reported that about 1.76 times at the time of using an undistorted channel layer and improvement in 
large electron mobility can be attained (J. Welser, J.L.Hoyt, S.Takagi, and J.F.Gibbons, and IEDM 94- 
373). 

[0006] On the other hand, if short channelization of MOSFET is advanced for improvement in electron 
mobility, since the effect of stray capacity will become large, it becomes difficult to improve electron 
mobility as expected. 

[0007] Then, creating MOSFET to a SOI (Silicon On Insulator) substrate is examined. As a method of 
forming each thickness of the oxidizing zone of a SOI substrate, and the silicon layer on it in the optimal 
size, although some methods, such as a lamination substrate, are proposed as the formation method of a 
SOI substrate, after injecting oxygen ion into a silicon substrate, elevated-temperature heat treatment is 
performed to this silicon substrate, it embeds to the interior of this substrate, and the method of forming 
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an oxidizing zone called a common name SIMOX (Separation by Implanted Oxygen) is used widely. 
[0008] The cross-section structure of MOSFET created to the SOI substrate at drawin g 3 is shown. 
Among drawing, a silicon substrate and 52 show an oxidizing zone, 53 shows the silicon layer in 51, and 
these constitute the SOI substrate. 

[0009] On the silicon layer 53, the SiGe mixed-crystal layer (only henceforth a SiGe layer) 54 is formed, 
and the distortion silicon layer 55 is formed on this SiGe layer 54. The isolation insulator layer 56 which 
reaches an oxidizing zone 52 is formed in these silicon layer 53, the SiGe layer 54, and the distortion 
silicon layer 55. 

[0010] On the distortion silicon layer 55, sequential formation of gate oxide 57 and the gate electrode 58 
is carried out. Moreover, n mold source field 59 and n mold drain field 60 are formed in the distortion 
silicon layer 55 and the SiGe layer 54 at self align of the ion implantation which used this gate electrode 
58 for the mask. 

[001 1] And the interlayer insulation film 61 was formed in the whole surface so that the gate electrode 
58 might be covered, and the source electrode 62 and the drain electrode 63 have connected with n mold 
source field 59 and n mold drain field 60 through the contact hole by which the opening was carried out 
to this interlayer insulation film 61, respectively. 

[0012] If MOSFET which used the distortion silicon layer 55 for a channel semiconductor layer which 
was mentioned above, and used the SOI substrate for the substrate is realizable, an effective element 
property will come to be acquired also to detailed-izing below 0.1 -micrometer Ruhr. That is, 
improvement in electron mobility can be aimed at, suppressing the short channel effect. 
[0013] However, there are the following problems on the occasion of implementation of such an 
MOSFET. In order to obtain the distortion silicon layer 55 which has sufficient distortion, it is necessary 
to form a thick SiGe mixed-crystal buffer layer (only henceforth a SiGe buffer layer), and to form the 
SiGe layer 54 of high germanium concentration on it. For example, a SiGe buffer layer with a thickness 
of about lOOnm from which a lattice constant differs by % order to the silicon layer 53 is formed. 
[0014] However, a misfit rearrangement and a penetration rearrangement occur in a SiGe buffer layer by 
the grid mismatch with the silicon layer 53 of a substrate, these rearrangements are succeeded in the 
SiGe layer 54, it is taken over to the distortion silicon layer 55 which these rearrangements form on the 
SiGe layer 54 further, and the problem that an element property deteriorates arises. 
[0015] Even if crystal growth of a SiGe buffer layer is performed satisfactory and neither a misfit 
rearrangement nor a penetration rearrangement occurs in a SiGe buffer layer, the high temperature in an 
after production process may be heat-treating, relaxation may arise, and a rearrangement may arise as a 
result. 

[0016] Therefore, in order to obtain the distortion silicon layer 55 which has sufficient distortion, to 
grow up silicon and to form the distortion silicon layer 55 on the SiGe layer 54, after it released 
distortion which the SiGe layer 54 receives from the silicon layer 53, that is, the SiGe layer 54 has eased 
is desired. 

[0017] As a SiGe buffer layer, in order to realize this, the thick inclination presentation SiGe layer to 
which germanium concentration becomes high gradually is created, and it is necessary on this 
inclination presentation SiGe layer to carry out sequential formation of the SiGe layer 54 and the 
distortion silicon layer 55 as it keeps away from the silicon layer 53. 

[0018] In this thick inclination presentation SiGe layer, rearrangements, such as a penetration 
rearrangement and a misfit rearrangement, are shut up into this layer. Moreover, the surface of the 
inclination presentation SiGe layer which forms the SiGe layer 54 is fully eased. Therefore, the SiGe 
layer 54 from which there is no rearrangement in the surface, and the distortion from the distortion 
silicon layer 55 was released is obtained, and the distortion silicon layer 55 which there is no 
rearrangement by this and has sufficient distortion can be formed now. However, the thickness of this 
SiGe buffer layer is set to about 1 micrometer. 

[0019] On the other hand, in order to acquire the effect of SOI substrates, such as reduction of stray 
capacity, the thickness (sum total of the thickness of the silicon layer 53, the thickness of the SiGe layer 
54, and the thickness of the distortion silicon layer 55) of the SOI layer of a SOI substrate needs to be 
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about 0.1 micrometers or less. 

[0020] Therefore, after forming a thick SiGe buffer layer (inclination presentation SiGe layer) which 
was mentioned above, in having formed the distortion silicon layer, the problem that the effect of a SOI 
substrate is unenjoyable arises. 

[0021] Furthermore, in order to form the thick SiGe buffer layer (inclination presentation SiGe layer) 
mentioned above, there is a problem of taking crystal growth time amount. Moreover, surface roughness 
increases and there is also a problem that the membraneous quality of the distortion silicon layer 55 
formed on it deteriorates. 
[0022] 

[Problem(s) to be Solved by the Invention] If MOSFET which used the distortion silicon layer for the 
channel semiconductor layer, and used the SOI substrate for the substrate like **** is realizable, while 
being able to aim at improvement in electron mobility also to detailed-izing below 0.1 -micrometer Ruhr, 
suppressing the short channel effect, large drain current can also be taken. 

[0023] The method of forming a SiGe layer on the thick inclination presentation SiGe layer as a SiGe 
buffer layer as the formation method of a distortion silicon layer of there being no rearrangement and 
having sufficient distortion, and growing up silicon and forming a distortion silicon layer on this SiGe 
layer, is learned. 

[0024] However, by forming a thick inclination presentation SiGe layer, between a distortion silicon 
layer and the oxidizing zones which constitute SOI structure became large, and there was a problem that 
the effect of SOI structure was no longer acquired. 

[0025] This invention was made in consideration of the above-mentioned situation, and the place made 
into the purpose is to offer the semiconductor device which has the structure which can form the channel 
semiconductor layer which has quality and sufficient distortion, without losing the effect by SOI 
structure. 
[0026] 

[Means for Solving the Problem] 

[Summary of the Invention] in order to attain the account purpose of a top, the semiconductor device 
(claim 1) concerning this invention is characterized by having the channel semiconductor layer to which 
induction of the channel is carried out, the distortion impression semiconductor layer to which a lattice 
constant impresses distortion to said channel semiconductor layer unlike it of said channel 
semiconductor layer, and the insulating layer formed in this distortion impression semiconductor layer. 
[0027] Moreover, said channel semiconductor layer is characterized by a silicon layer and said distortion 
impression semiconductor layer of other semiconductor devices (claim 2) concerning this invention 
being silicon germanium layers in the above-mentioned semiconductor device (claim 1). 
[0028] in this case, the above-mentioned insulating layer - SIMOX - forming by law is desirable. 
Moreover, other semiconductor devices (claim 3) concerning this invention are characterized by said 
channel semiconductor layer being a semiconductor layer to which induction of the channel of MOSFET 
is carried out in the above-mentioned semiconductor device (claim 1). 

[0029] According to the structure of**** of [operation] this invention, the channel semiconductor layer 
which has sufficient distortion can be formed now by the following formation methods, for example, 
without losing the effect by SOI structure. 

[0030] That is, the distortion impression semiconductor layer which can give first sufficient distortion 
for the channel semiconductor layer formed at an after production process is formed. If this is the case 
where for example, a distortion impression semiconductor layer is a SiGe layer, it should just make 
germanium concentration high. 

[0031] Next, an insulating layer is formed in a distortion impression semiconductor layer. This forms by 
performing annealing treatment, after pouring in for example, oxygen ion into a distortion impression 
semiconductor layer. Consequently, an insulating layer separates into two upper and lower sides, and a 
distortion impression semiconductor layer can carry out structure of an up distortion impression 
semiconductor layer / insulating layer / the lower distortion impression semiconductor layer. 
[0032] At this time, the depth of the location which forms an insulating layer is chosen so that the same 
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effect as the SOI structure which consists of a channel semiconductor layer formed at an insulating 
layer, an up distortion impression semiconductor layer, and an after production process can be enjoyed. 
That is, an insulating layer is formed in a distortion impression semiconductor layer so that an up 
distortion impression layer with the thin degree which can enjoy the effect by SOI structure may be 
obtained. 

[0033] Furthermore, defects, such as a rearrangement generated in the distortion impression 
semiconductor layer at the time of formation of a distortion impression semiconductor layer and 
formation of an insulating layer, decrease by the above-mentioned annealing treatment. Thereby, the 
conventional thick distortion impression semiconductor layer and the quality thin distortion impression 
semiconductor layer which has a defect below a comparable number are obtained. 
[0034] At the end, a channel semiconductor layer is formed on a quality thin distortion impression 
semiconductor layer (up distortion impression semiconductor layer). Here, since the up distortion 
impression semiconductor layer is formed so that it may be quality and sufficient distortion for a 
channel semiconductor layer can be given as mentioned above, the channel semiconductor layer which 
has quality and sufficient distortion will be formed. And since the up distortion impression layer which 
impresses distortion to a channel semiconductor layer is thin, an effect equivalent to SOI structure is 
acquired. Therefore, the channel semiconductor layer which has quality and sufficient distortion can be 
formed, without losing an effect equivalent to SOI structure. 
[0035] 

[Embodiment of the Invention] Hereafter, the gestalt (henceforth an operation gestalt) of operation of 
this invention is explained, referring to a drawing. 

(1st operation gestalt) The fundamental idea of this invention is explained first. The process flow at the 
time of applying this invention to the Si system MOSFET is shown in drawing 1 as compared with it of 
a conventional method. In this example, the SiGe layer is used as a distortion impression semiconductor 
layer. 

[0036] injecting oxygen ion into a silicon substrate, performing annealing treatment to this silicon 
substrate first, in a conventional method, and forming an oxidizing zone in a silicon substrate, i.e., 
SIMOX, -- a SOI substrate is formed by law. 

[0037] Next, the inclination presentation SiGe layer which becomes high gradually about germanium 
concentration under crystal is formed on a SOI substrate as it separates from a SOI substrate as a SiGe 
buffer layer. Next, the SiGe layer which SiGe is grown up on a SiGe buffer layer, and has desired 
germanium concentration is formed. 

[0038] After growing up silicon and forming a distortion silicon layer on a SiGe layer finally, MOSFET 
which uses this distortion silicon layer as a channel semiconductor layer is formed. On the other hand, in 
this invention, first, on a silicon substrate, SiGe is grown up and the SiGe layer as a distortion 
impression semiconductor layer is formed. At this time, germanium concentration of a SiGe layer is 
chosen so that the magnitude [ layer / which is formed at an after production process / distortion silicon ] 
of distortion may become large enough. 

[0039] Next, after injecting oxygen ion into a SiGe layer, by performing annealing treatment to this 
SiGe layer, it embeds in a SiGe layer and an insulating layer is formed. Consequently, a SiGe layer is 
divided into two upper and lower sides by the embedding insulating layer. Hereafter, an up SiGe layer 
and a lower SiGe layer are called lower SiGe layer for the SiGe layer of the separated bottom. 
[0040] An embedding insulating layer is formed in the location where a SiGe layer is shallow so that the 
thickness of an up SiGe layer may become thin at the time of this production process. Since between an 
embedding insulating layer and the distortion silicon layers formed at the following production process 
can be shortened by this, effects, such as stray capacity reduction equivalent to the SOI structure 
constituted by an embedding insulating layer, an up SiGe layer, and the distortion silicon layer, can be 
enjoyed. 

[0041] Furthermore, since defects, such as a rearrangement produced at the time of formation of a SiGe 
layer and an oxygen ion implantation, are restorable with the annealing treatment after injecting oxygen 
ion into a SiGe layer, even if it does not form a SiGe buffer layer, a quality up SiGe layer and a bottom 
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SiGe layer are obtained. 

[0042] Therefore, the quality and thin up SiGe layer (distortion impression semiconductor layer) which 
can form the distortion silicon layer which has a quality and big distortion will be obtained, without 
losing an effect equivalent to SOI structure in a routing counter (1 production-process compaction) 
smaller than before. 

[0043] After growing up silicon and forming a distortion silicon layer on an up SiGe layer finally, 
MOSFET which uses this distortion silicon layer as a channel semiconductor layer is formed. In 
addition, MOSFET may be formed in this distortion silicon layer, after forming a new SiGe layer on an 
up SiGe layer and forming a distortion silicon layer on this SiGe layer. In this case, since a more nearly 
quality SiGe layer is obtained, MOSFET which was further excellent in the element property can be 
formed. 

[0044] Next, the concrete operation gestalt of this invention is explained. Drawing 2 is the cross section 
showing the element structure of the n mold MOSFET concerning 1 operation gestalt of this invention. 
If this is explained according to a manufacturing process, the pure silicon substrate 1 from which the 
natural oxidation film etc. was removed using cleaning methods, such as the RCA method, will be 
prepared first. 

[0045] Next, the SiGe layer 2 with a thickness of about 1 micrometer is formed on a silicon substrate 1. 
germanium concentration of the SiGe layer 2 is made high so that distortion of the distortion silicon 
layer 4 formed at an after production process may become large enough. 

[0046] Since induction of the defect which contains an unnecessary penetration rearrangement or a 
misfit rearrangement in the SiGe layer 2 will be carried out by the grid mismatch produced by the 
difference in the lattice constant of a silicon substrate 1 and the SiGe layer 2 when the SiGe layer 2 is 
formed here, making germanium concentration increase rapidly, as for germanium concentration, it is 
desirable to make it increase gradually in the SiGe layer 2, and to make it become request concentration 
on the surface. 

[0047] The value of 1 micrometer of thickness is a typical value used when designing germanium 
presentation ratio of the portion near the device side of the SiGe layer 2 with 0.3. The larger one of 
germanium presentation ratio is good, and when much less than 0.2, the remarkable improvement in the 
mobility of MOSFET formed on the SiGe layer 2 cannot be expected. Moreover, when exceeding 0.5 
greatly, the increment in the surface irregularity (surface roughness) of the SiGe layer 2 and problems, 
such as film deterioration, may arise. If germanium presentation ratio is set up in consideration of these 
points, the effect of this invention will come to be demonstrated more notably. 

[0048] The concrete membrane formation method of the SiGe layer 2 is as follows. That is, it is SiH4 as 
a raw material. And GeH4 It uses, growth temperature is set as 500 degrees C, a growth pressure is set 
as ten to 3 Pa, and it forms with a CVD method in a vacuum housing. 

[0049] for growing up SiGe -- such a CVD method and MBE (Molecular BeamEpitaxy) - although 
epitaxial grown methods, such as law, are used widely, as long as it is the crystal growth method which 
can control germanium presentation ratio, other forming-membranes methods may be used. 
[0050] for example, LPE (Liquid Phase Epitaxy) - the SiGe layer 2 can be formed also with liquid 
phase grown methods, such as law, and the solid phase grown method by heating of the Pori SiGe layer 
or an amorphous silicon germanium layer. 

[0051] Moreover, although the case of the CVD method under a vacuum (ten to 3 Pa growth pressure) 
was explained, it can grow up here also under the reduced pressure by the growth pressure of hundreds 
Torr(s) or ordinary pressure, and pressurization. 

[0052] as Si raw material -- SiH4, Si two H6, and Si2 H4 C12 etc. - as germanium raw material 
GeH4, GeF4, and germanium two H8 etc. - it is suitable. The gas of these raw materials may be 
introduced in a vacuum housing using carrier gas. As carrier gas, inert gas, such as hydrogen gas, 
nitrogen gas, gaseous helium, or an argon, etc. is raised, for example. 

[0053] Moreover, the plasma, light, etc. may decompose a raw material beforehand, the kind contributed 
to the growth which has energy required for growth may be generated, and this may be used for crystal 
growth, moreover, B-2 H6 which becomes sources of an impurity, such as B, As, and P, in case the SiGe 
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layer 2 is formed, AsH3, and PH3 It introduces in a raw material, simultaneously a vacuum housing, etc. 
— After making it the SiGe layer 2 become a predetermined conductivity type or forming the SiGe layer 
2, B, As, P, etc. are introduced in the SiGe layer 2 by diffusion, and you may make it the SiGe layer 2 
become a predetermined conductivity type. Moreover, Ga, Sb, Sn, aluminum, N, etc. may be used in 
addition to B, As, and P. 

[0054] Next, after pouring in oxygen ion from the SiGe layer 2 on condition that dose 5xl017cm-2, 
1300-degree C annealing treatment is performed and the good embedding insulating layer 3 is formed in 
the SiGe layer 2. 

[0055] The SiGe layer 2 is divided into two upper and lower sides by the embedding insulating layer 3. 
Hereafter, the up SiGe layer 2 and the lower SiGe layer 2 are called lower SiGe layer 2 for the SiGe 
layer 2 of the separated bottom. 

[0056] The embedding insulating layer 3 is formed in the shallow location of the SiGe layer 2 so that the 
thickness of the up SiGe layer 2 may become thin at the time of this production process. Moreover, 
defects, such as a rearrangement in the SiGe layer 2, are restored by the above-mentioned annealing 
treatment, and the quality SiGe layer 2 is formed. 

[0057] Therefore, on the embedding insulating layer 3, the up SiGe layer 2 quality and thin as a 
distortion impression semiconductor layer will be formed. Next, growth temperature is set as 500 
degrees C, silicon is grown up on the up SiGe layer 2 with a CVD method, and the distortion silicon 
layer 4 with a thickness of 30nm is formed. The distortion of this distortion silicon layer 4 is hauling 
distortion. 

[0058] Since germanium concentration of the up SiGe layer 2 is high, the distortion silicon layer 4 
becomes a thing with the hauling distortion of sufficient magnitude to aim at improvement in electron 
mobility. Furthermore, since defects, such as a rearrangement in the up SiGe layer 2, are reduced, the 
quality distortion silicon layer 4 is formed. 

[0059] With a pan and this operation gestalt, although SOI structure (SiGe On Insulator structure) is 
formed of the embedding insulating layer 3, the up SiGe layer 2, and the distortion silicon layer 4, since 
the thickness of the up SiGe layer 2 is thin, effects, such as stray capacity reduction by the above- 
mentioned SOI structure, are fully demonstrated. 

[0060] Therefore, according to this operation gestalt, MOSFET which has the advantage of the above- 
mentioned SOI structure and the advantage using the distortion silicon layer as a channel layer can be 
realized now. 

[0061] Moreover, in order to plan effectively control of the short channel effect of MOSFET, the 
improvement in drive current, or these to coincidence, as for the thickness of the distortion silicon layer 
4, it is desirable that it is 20nm or less. 

[0062] Next, the isolation insulator layer 5 is formed with a trench separation method. In addition, other 
element separation methods, such as a LOCOS separation method, may be used instead of a trench 
separation method. This isolation insulator layer 5 separates, the formation schedule field of the n mold 
MOSFET, and another device which adjoins this, for example, the formation schedule field of the p 
mold MOSFET. 

[0063] Next, the surface of the distortion silicon layer 4 is oxidized thermally, and the thinnest possible 
gate oxide 6 is formed. As for the thickness of gate oxide 6, it is desirable that it is about lOnm or less. 
Next, the impurity ion for threshold voltage adjustment is poured into a channel field through gate oxide 
6, and an n-type channel field is formed. 

[0064] Next, after forming the polycrystalline silicon film used as the gate electrode 7 with a reduced 
pressure CVD method on gate oxide 6, patterning of the above-mentioned polycrystalline silicon film is 
carried out by anisotropic etching, such as reactive ion etching (RIE), and the gate electrode 7 is formed. 
At this time, patterning also of the gate oxide 6 is carried out similarly, and it removes gate oxide 6 other 
than under the gate electrode 7. 

[0065] Next, after using the gate electrode 7 as a mask and pouring n mold impurity ion, such as 
phosphorus ion, into an n mold MOSFET formation field alternatively, about 800-degree C annealing 
treatment is performed, and n mold source field 8 and n mold drain field 9 are formed in self align. 
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[0066] Next, after forming the interlay er insulation films 10, such as silicon oxide or a silicon nitride, in 
the whole surface with a CVD method, the opening of the contact hole to a gate field, a source field, and 
a drain field is carried out to this interlayer insulation film 10. 

[0067] Finally, after depositing electric conduction films, such as aluminum film, on the whole surface, 
patterning of this electric conduction film is carried out, the source electrode 1 1, the drain electrode 12, 
and a gate drawer electrode (un-illustrating) are formed, and the n mold MOSFET is completed. 
[0068] As stated above, according to this operation gestalt, MOSFET obtained by coincidence in the 
effect by SOI structure and the effect using the distortion silicon layer as a channel layer can be realized 
now. Thereby, even if it advances detailed-ization, it becomes realizable [ MOSFET which has an 
element property as expected ]. 

[0069] In addition, this invention is not limited to the operation gestalt mentioned above. For example, 
although the above-mentioned operation gestalt explained the case where a SiGe layer was used, as a 
distortion impression semiconductor layer, they are the mixed-crystal layer of Si and other elements, a 
ZnSe layer, etc. like SiC or SiN instead of a SiGe layer. An II-VI group mixed-crystal layer or GaAs, 
InP, etc. The mixed-crystal layer which consists of a material with which lattice constants differ 
mutually [ an III-V group mixed-crystal layer etc. ] is sufficient. 

[0070] Moreover, with the above-mentioned operation gestalt, although the case of MOSFET was 
explained, if this invention is a semiconductor device which has the semiconductor device of the 
structure which can impress distortion to a channel semiconductor layer, it is applicable. 
[0071] For example, it is applicable also to semiconductor devices, such as CMOS, BiCMOS, etc. which 
have metal-oxide-semiconductor structure, and the semiconductor device which has HEMT (High 
Electoron Mobility Transistor). In addition, in the range which does not deviate from the summary of 
this invention, it deforms variously and can carry out. 
[0072] 

[Effect of the Invention] As explained in full detail above, according to this invention, the 
semiconductor device of the structure which can form the channel semiconductor layer which has 
quality and sufficient distortion can be offered now, without losing the effect by SOI structure. 

[Translation done.] 
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